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This paper extends the analyses of Frankel and Froot (1987b), Cavaglia et al.
(1993a), and others, to a new data set of exchange rate expectations on Scandinavian
exchange rates. It corroborates the earlier ®nding that exchange rate forecasts are
not rational, and that agents do not use all available information in an e￿ cient
manner. The evidence suggests that Scandinavian exchange rate expectations were
stabilizing and that an unexpected depreciation was typically followed by an
expected appreciation of smaller magnitude.
I. INTRODUCTION
The rationality of agents’ expectations and the informa-
tional e￿ ciency of ®nancial markets continue to be issues
of central concern in the ®nancial economics literature.
Propositions regarding the rationality of exchange rate sur-
vey expecations were tested in the literature by Frankel and
Froot (1987a, b), Froot and Frankel (1989), Froot and Ito
(1989), and Cavaglia et al. (1993a, b, 1994), amongst
others. The principal bene®t of using survey data is that
one obtains a direct measure of agent’s beliefs, thus allow-
ing for separate testing of an underlying model of exchange
rate determination, and a hypothesis about expectations.
On the other hand, critics of survey-based studies often
question the extent to which such data is representative
of the `market’s’ expectations.
Previous work has focused mainly on the most actively
traded currencies vis-aÁ-vis the US dollar, and on EMS cur-
rencies. This paper complements previous work by consid-
ering a hitherto neglected dataset for Scandinavian
currencies. It addresses three important questions: whether
economic agents’ exchange rate forecasts are unbiased,
whether agents use all available information e￿ ciently,
and what expectations formation process is adopted in
practice.
The paper is presented in ®ve sections. In Section II, the
construction of the survey data is outlined and summary
statistics are provided. In Section III, the rationality of the
survey data is examined as well as the e￿ ciency with which
economic agents use publicly available information.
Alternative models that characterize the formation of
exchange rate expectations are considered in Section IV.
In Section V, the results of this investigation are summar-
ized and discussed.
II. THE SURVEY DATA
Since 1985, Business International Corporation has con-
ducted a monthly survey of exchange rate expectations
covering, among others, the Norwegian krone (NK) and
the Swedish krona (SK) relative to the US dollar (US) and
the Swedish krona relative to the German mark (DM),
which are published in its Cross Rate Bulletin. For publica-
tion purposes, survey participants were asked a few days
prior to month’s end to fax 3-, 6-, and 12-month-ahead
expectations of the currency, with projections being made
from the beginning of the following month. Thus, for
instance, the 3-, 6-, and 12-month-ahead expected
Norwegian Krone/US dollar rate recorded on December
27, 1989 re¯ect a slightly longer forecast horizon as they
represent the expected spot rate on 1 April 1990, 1 June
1990, and 2 January 1991, respectively.1 The dates when
the surveys were conducted were recorded as well as the
spot rate on that particular day.
The thirty-odd participants of the survey are treasurers
of multinationals and private banks residing in four of the
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1 Although the notation used in Sections III±IV wil lbe preseted as if the survey was constructed on 31 December (in the example at hand), care has been
exercised throughout the empirical analysis to ensure that conditional expectations are computed on the proper information set.world’s continents. Although not all participants will pro-
vide their views regarding a particular currency, the
response rate is at worst 60%. The Cross Rates Bulletin
reports the geometric mean forecast of the response
received, thus minimizing the eVect of extreme forecasts.
Unfortunately, disaggregated survey respondent data is not
available, although the standard deviation of the respon-
dents’ expectations is reported.
Table 1 provides summary statistics for the actual rate of
depreciation, the expected rate of depreciation and the sur-
vey forecast error. In this table, as in the remainder of the
paper, St is de®ned as the natural logarithm of the spot
exchange rate at time t, and EtSt+k is de®ned as the
expected logarithm of the spot rate at time t+k, formed
at time t.
For the period analysed, (1 January 1986 through 1 May
1992) mean expected depreciations increase for the NK/US
and SK/US rates, but decrease for the SK/DM exchange
rate. It is interesting to note that standard deviations of the
forecast errors in the third panel fall markedly as the fore-
casting horizon is extended from 3 months to 12 months, as
is usually the case for the expected rate of depreciation in
the second panel. This ®nding could indicate that funda-
mentals are of more use in predicting the exchange rate in
the longer run than in the shorter run. All standard devi-
ations for the SK/DM rate in Table 1 are lower, and often
considerably lower, than the corresponding standard devi-
ations for the dollar-based exchange rates. Comparing the
®rst and second panels in Table 1, one notes that both the
absolute value and the standard deviation of the mean
realized depreciation are larger than those of the expected
mean depreciation. This is in line with the results of
Frankel and Froot (1987b).
III. THE RATIONALITY OF THE SURVEY
DATA
Engel’s (1996) survey article suggests that there is over-
whelming evidence in favour of the view that forward
rates are biased predictors of future spot rates. Rejection
of the unbiasedness hypothesis may be attributed to irra-
tionality of market participants (see Frankel and Froot,
1987b), to the existence of a risk premium (Fama, 1984),
to `peso’ problems (Krasker, 1980), to learning about gov-
ernment policy (see Lewis, 1995), or to some combination
of these phenomena (Cavaglia et al., 1994). This paper
focuses attention on the rationality issue. To test the
rationality of the survey forecasts, two fairly standard tests
(see Pesaran, 1987) are considered: the unbiasedness test
and the orthogonality test. The unbiasedness test examines
whether the expected exchange rate is an unbiased predic-
tor of the future spot rate, whereas the orthogonality test
aims to assess whether agents use information that is avail-
able to them e￿ ciently to forecast future exchange rates.
De®ne the exchange rate forecast error, "t‡k; as
St‡k ¡ EtSt‡k. The null hypothesis of rational expectations
(unbiasedness) implies that ¬ ˆ 0 and › ˆ 1 in regressions
of the following form:
St‡k ¡ St ˆ ¬ ‡ › …EtSt‡k ¡ St† ‡ "t‡k: …1†
Equation 1 was ®tted for each exchange rate and for each
forecast horizon (k ˆ 3;6, and 12). Realized spot rates
were obtained from Datastream.
2 Note that the forecast
error, "t‡k, will in general be serially correlated, because
the forecast horizon is longer than the observational fre-
quency. While OLS point estimates remain consistent in
spite of the serially correlated residuals, the OLS standard
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2 As is described in Section I, the surveys are collected at month end; survey forecast dates and matching exchange rate expectations and survey data are
reported in the Business International publication. Using the notation in the main text, EtSt‡k represents the k-period-ahead forecast starting from the ®rst
day of the following month. The realized spot rate St‡k is the average of the bid and ask quotes reported by Datastream. When k-period-ahead forecasts
fall on a weekend or holiday, the next business day is chosen.
Table 1. Summary statistics of St‡k ¡ St; EtSt‡k ¡ St, and St‡k ¡ EtSt‡k. From 1 January 1986, through 1 May 1992 (percentage per
annum)
3 months 6 months 12 months
Mean Stand. dev. Mean Stand. dev. Mean Stand. dev.
St‡k ¡ St
NK/US 74.15 23.60 73.59 15.46 72.82 9.02
SK/US 76.20 20.68 75.16 13.60 73.77 8.31
SK/DM 3.92 11.60 3.52 7.83 2.57 5.06
EtSt‡k ¡ St
NK/US 70.18 12.62 1.01 7.00 1.69 4.32
SK/US 0.36 6.46 1.61 6.22 2.21 3.92
SK/DM 1.40 2.82 0.55 4.01 70.08 2.01
St‡k ¡ EtSt‡k
NK/US 73.97 27.26 74.10 16.43 74.31 9.14
SK/US 76.54 25.64 76.12 14.03 75.72 7.96
SK/DM 2.54 12.02 2.71 8.17 2.62 5.25errors for the regression coe￿ cients are biased. In order to
address this problem, we report Newey-West (1987) con-
sistent standard error estimates.
Table 2 reports the results of ®tting Equation 1.
The evidence suggests a consistent rejection of the
unbiasedness hypothesis. All › -coe￿ cients are reliably
smaller than one, and even negative, and all À
2 statistics
are signi®cant, too. The › -estimates indicate that survey
respondents predicted the wrong direction for the change
in the exchange rate. These results should be interpreted
with some caution. Both peso problems and learning be-
haviour about government policy could generate these
results under conditions of rationality of exchange rate
forecasts.
The second type of test of the rational expectations
hypothesis is concerned with the e￿ cient use of informa-
tion available at the time expectations were formed (Table
3). If economic agents use all available information e￿ -
ciently, the expectational errors must be orthogonal to
any variable in the set of information known to agents at
the time. The null hypothesis of rational expectations
(orthogonality) implies that ¬ ˆ › ˆ 0 in regressions of
the form
St‡k ¡ EtSt‡k ˆ ¬ ‡ › …Xt† ‡ "t‡k; …2†
where the left-hand-side variable is the exchange rate fore-
cast error, Xt is a set of information known at time t, and
"tˆk is a random error term. Equation 2 was ®tted for each
exchange rate and each forecast horizon. The information
set that was used, as is typical in this type of regression (see
Froot and Frankel, 1989) is the forward premium,
tFt‡k ¡ St, which was known at the time expectations
were formed.
For the three-month horizon, orthogonality is consis-
tently rejected. For the longer horizons, rejection occurs
in some cases. Taken together, the results of both the
unbiasedness test and the orthogonality test provide a rela-
tively strong rejection of the rational expectations hypoth-
esis. This is not an isolated ®nding, but is in line with the
general conclusion that has so far emerged from the litera-
ture for the major currencies (see Froot and Frankel, 1989;
Cavaglia et al., 1993a, 1994). Thus, although the rational
expectations hypothesis may have appeal as a theoretical
consideration, it does not appear to provide an adequate
explanation of expectations formation with regard to the
Scandinavian exchange rates in the period studied. It is
therefore important to consider other models of expecta-
tions formation. The next section examines three alterna-
tive models: extrapolative, adaptive, and long-run
expectations.
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Table 2. Test of unbiasedness: St‡k ¡ St ˆ ¬ ‡ › …EtSt‡k ¡ St† ‡ "t‡k





NK/US 70.7843*** 57.63*** 70.6150** 45.53** 70.7288*** 18.80***
(0.2369) (0.000) (0.2583) (0.000) (0.3999) (0.000)
SK/US 70.2982*** 35.22*** 70.5308*** 24.54*** 70.7576*** 21.04***
(0.2380) (0.000) (0.3093) (0.000) (0.4198) (0.000)
SK/DM 70.8160*** 31.75*** 70.7286*** 26.54*** 71.2892*** 44.42***
(0.3724) (0.000) (0.3475) (0.000) (0.3436) (0.000)
Note: The standard errors of the coe￿ cients are given in parentheses; *, **, ***, denote rejection at the 10, 5, and 1% levels for the hypothesis that › ˆ 1.
The À
2 pertains to the joint hypothesis that ¬ ˆ 0 and › ˆ 1 (p values are given in parentheses).
Table 3. Test of orthogonality: St‡k ¡ EtSt‡k ˆ ¬ ‡ › …tFt‡k ¡ St† ‡ "t‡k





NK/US 0.6599** 6.14** 0.3642 4.89* 0.0223 2.99
(0.3302) (0.046) (0.2409) (0.087) (0.4894) (0.224)
SK/US 0.8555*** 13.29*** 0.5924 6.59** 0.7074*** 6.97**
(0.3255) (0.001) (0.4148) (0.037) (0.2684) (0.031)
SK/DM 0.5093** 5.99** 0.3237 2.20 0.2355 2.39
(0.2341) (0.050) (0.2907) (0.332) (0.4754) (0.302)
Note: The standard errors of the coe￿ cients are given in parentheses; *, **, ***, denote rejection at the 10, 5, and 1% levels for the hypothese that › ˆ 0.
The À
2 pertains to the joint hypothesis that ¬ ˆ 0 and › ˆ 0 (p values are given in parentheses).IV. MODELS OF EXPECTATIONS
FORMATION
Empirical evidence demonstrates that the random walk
hypothesis is still a relatively accurate characterization of
the time series of exchanges rates of major industrialized
countries ± see the survey on nominal exchange rates by
Frankel and Rose (1995). Indeed, Meese and RogoV
(1983a, b) and WolV (1987) show that standard models
of exchange rate determination fail to outperform the pre-
dictive power of the random walk hypothesis even when
allowing for time-varying model parameters. The availabil-
ity of survey data permits us to test directly how economic
agents form their expectations of future appreciation of a
currency. For instance, Allen and Taylor (1990) present
survey-based evidence that foreign exchange dealers utilize
some combination of charts and fundamentals in predict-
ing currency movements, with greater weight being given to
fundamentals as the forecast horizon lengthens. In this sec-
tion, two alternative models of expectations formation are
considered, the extrapolative and adaptive models, and a
simple test regarding the term structure of expectations is
presented. The extrapolative expectations model is consid-
ered ®rst. Economic agents extrapolate the most recent
trend into the future, formally:
¢EtSt‡k ˆ › …¢St†; …3†
where ¢EtSt‡k is the most recent change in the expected
exchange rate, EtSt‡k ¡ St, and ¢St is the most recent
change in the spot exchange rate. If › is greater than
zero, then exchange rate expectations are said to exhibit
`bandwagon’ eVects, and if › equals zero, then expectations
are said to be static. In the former case a current apprecia-
tion generates expectations of further appreciation,
whereas in the latter the expected depreciation is equal to
zero.3 If one de®nes `speculation’ as buying and selling of
foreign exchange in response to non-zero expected
exchange rate changes, one can interpret a ®nding of
› > 0 (`bandwagon’ expectations) as implying that specu-
lation is destabilizing and a ®nding of › < 0 (distributed lag
expectations) as implying that speculation is stabilizing.
The following regression equation was ®tted for each fore-
cast horizon
EtSt‡k ¡ St ˆ ¬ ‡ › …St ¡ St¡1† ‡ et …4†
The results of ®tting Equation 4 are reported in Table 4.
It was found that the sign of the signi®cant › -coe￿ cients
is negative in all the regressions, for each forecast horizon.
Thus, past exchange rate depreciations are expected to be
reversed in the future: `stabilizing expectations’. This result
is largely consistent with Frankel and Froot (1987b) and
Cavaglia et al. (1993a) for currencies of major industrial
countries.
Adaptive expectations models were subsequently consid-
ered; namely, the expected future spot rate is formed as a
weighted average of the current spot rate and the lagged
expected rate, or
EtSt‡k ˆ …1 ¡ b†St ‡ bEt¡kSt …5†
Alternatively, one can view the expected depreciation as a
function of past forecast errors, and then the following
equation may be ®tted
EtSt‡k ¡ St ˆ ¬ ‡ › …St ¡ Et¡kSt† ‡ et …6†
Equation 6 corresponds to Equation 5 if one sets ¬ ˆ 0 and
› ˆ ¡b. The results of ®tting the above equation for all
forecast horizons are reported in Table 5. Signi®cantly
negative coe￿ cients are obtained for all currencies and
all forecast horizons. Interpreting the regression coe￿ cient
for the Norwegian krone/US dollar exchange rate at the
three month horizon, for instance, an unexpected deprecia-
tion of 1% in the Norwegian krone implies an expected
appreciation over the next three months of about 0.2%.
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3 The existence of `bandwagon’ exchange rate expectations has been a concern of critics of ¯oating exchange rates in that it would render the system
unstable (see Nurske, 1944). This view was challenged, however, by Friedman (1953), who argued that speculation would be stabilizing.
Table 4. Extrapolative expectations: EtSt‡k ¡ St ˆ ¬ ‡ › …St ¡ St¡1† ‡ "t
3 Months 6 Months 12 Months
¬ › ¬ › ¬ ›
NK/US 70.0025 70.4099*** 0.0033 70.4993*** 0.0157*** 70.5703***
(0.0032) (0.1312) (0.0036) (0.1239) (0.0046) (0.1785)
SK/US 70.0014 70.3566*** 0.0057* 70.5023*** 0.0201*** 70.5938***
(0.0034) (0.1114) (0.0033) (0.1357) (0.0042) (0.1489)
SK/DM 0.0048*** 70.4295*** 0.0041* 70.4514*** 0.0005 70.4690***
(0.0013) (0.0750) (0.0021) (0.0950) (0.0022) (0.1086)
Note: The standard errors of the coe￿ cients are given in parentheses; *, **, ***, denote rejection at the 10, 5, and 1% levels for the hypotheses that ¬ ˆ 0
or › ˆ 0.Thus, long-term Scandinavian exchange rate expectations
again appear to be stabilizing signi®cantly. The order of
magnitude of the › -coe￿ cient is similar to the results
obtained by Frankel and Froot (1987b) and Cavaglia et
al. (1993a, b).
Froot and Ito (1989) examined the consistency of short-
run and long-run exchange rate expectations. They found
that relative to long-term expectations, short-term expecta-
tions overreact to an exchange rate shock. A simple test of
consistency of expectations was conducted by examining
the extent to which shocks or revisions to 12-month-
ahead expectations are re¯ected in short-run (3-month-
ahead) expectations. Thus, we ®tted the following model
for the 3-month-ahead expected exchange rate
4
EtSt‡3 ¡ St ˆ ¬ ‡ › …EtSt‡12 ¡ Et¡1St‡11† ‡ et …7†
Interpreting the above, a positive regression coe￿ cient
would suggest that a decline in the 12-months-ahead
exchange rate forecast of the domestic currency would
result in an expected depreciation three months ahead. A
negative coe￿ cient would suggest that short-run expecta-
tions `overreacted’ to changes in 12-month expectations.
As can be seen from Table 6, the estimated › -values are
insigni®cantly diVerent from zero. Apparently, neither of
the above mechanisms were relevant in the period consid-
ered. Note that the ¬-coe￿ cient is signi®cant for two of the
exchange rates. This indicates `trending’ behaviour in
expectations formation.
V. CONCLUSIONS
This paper extended the analyses of Frankel and Froot
(1987b), Cavaglia et al. (1993), and others, to a new data
set of exchange rate expectations on Scandinavian
exchange rates. It corroborated the earlier ®nding that
exchange rate forecasts are not rational, and that agents
do not use all available information in an e￿ cient manner.
As this ®nding pertains to the post-1986 period, question-
ing the assertion of Frankel and Froot (1987b) that `the
nature of the rejection of rational expectations strongly
depends on the sample period’. The evidence suggests
that Scandinavian exchange rate expectations were stabiliz-
ing and that an unexpected depreciation is typically fol-
lowed by an expected appreciation of smaller magnitude.
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